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 Itis proposed that erosive burning (ablation) of the propellant is caused
by the discharging igniter

This adds energy and pressure to the system during the ignition phase
fg=a (sg+ap-5.) 0 (2)
« Variability in ignition delay caused by variability in ablation coefficient, a
— The factor, a, slightly varies from test to test

* The factor, a, greatly varies with test conditions

— Cannon calibre ETI using a piccolo igniter gives the largest factor
— Highly brisant (hard) igniter
— Cannon calibre ETI using current injection gives the least factor

— Low brisance (soft) igniter
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* The time to ignition can also be described by:
ty~Yam A pc, T2 12 +1y,,
where
A is the propellant heat conductivity
p Is the propellant density
C, Is the propellant specific heat

T, 1s the propellant pyrolysis temperature

l is the heat flux

(2)

* ty.p IS the time required for initiation and stabilisation of gas phase

reactions and is only significant during over-ignition when the heat flux is
large and | -2 diminishes (i.e. when ignition delays are small
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Iment of Ignition Delay

* The expressions for ignition delay, equations (2) and (3), are obviously
describing the same event but from empirical and theoretical perspectives

— The theory considers the rate of heat transfer and the experiment
considers the time-integrated energy

* However, these expressions can be equated by substituting for heat flux
with time-integrated energy in equation (3)
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« If the rate of energy transfer is assumed to be constant then, for relatively
long ignition delays:

ty=a (ggtap-e,) P=lan A pc, T2t°A%e2 (4)

where ¢ Is the igniter energy transferred to the propellant, t is the time to
transfer ¢ and A is the surface area over which ¢ is transferred

* This comparison gives a useful platform from which to understand and
compare the various values of the igniter coefficients
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« Studies have investigated ignition delay of gun propellant

— An empirical treatment of the relationship between ignition delay and
igniter energy agrees in form with an analytical expression

— The correlation between experiment and theory is excellent under
some conditions, but appears to be poor under others

— An hypothesis to explain this has been put forward, that some igniter
designs produce excessive ablation of propellant

« Some of the main assumptions in the theoretical treatment are
invalidated, but the comparison between the experiment and theory has
been surprisingly successful

» Efforts to understand the physical and chemical processes occurring
during the long ignition delays are planned
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